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METHODS AND APPARATUS FOR SUBJECTING 
AN ELEMENT TO AN ELECTRICAL FIELD 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The invention relates to apparatus and methods for subjecting an element, such 
as a colorant particle, to an electric field, so as to provide images, such as video or still 
images. 

2. Description of Related Art 

The conventional art includes various technologies for displaying still and/or 
video images. These technologies include silicon micro-opto-electro-mechanical 
systems (MOEMs), such as a micro-mirror XGA display for use in portable business 
projectors, liquid crystal displays, such as displays that include liquid crystal on glass, 
plastic and silicon, plasma displays and cathode ray tubes (CRTs). 

However, the conventional displays are subject to several problems. For 
example, the conventional displays that attain high definition are expensive and have 
slow refresh rates. The technology of some of the conventional displays cannot be 
applied to provide either very small or very large displays. Some of the conventional 
displays require complex control systems. Other conventional displays require a 
relatively large amount of power to operate. 

SUMMARY OF THE INVENTION 

It is therefore desirable to provide relatively inexpensive and efficient methods 
and apparatus for displaying still and video images. It is also desirable to provide 
such methods and apparatus that are not limited by size constraints so as to be 
applicable to very small or very large displays. It is further desirable to provide such 
methods and apparatus that do not require either a relatively large amount of power or 
a complex control system to operate. 

These and other advantages can be provided by applying an electric field to a 
colorant particle that has an electric charge. The invention can thereby achieve either 
a monochromatic or full color video, or still image display, having very high 
resolution and unlimited grayscale and color levels. 

More specifically, in accordance with the invention, a colorant particle, having 
an electric charge, and ranging in size from a single atom to a molecular collection 



several millimeters in size, can be moved inside a channel of a body in a direction that 
is substantially parallel to a direction of incoming illumination rays. The particle can 
be moved inside the channel, between a position at a bottom of the channel and a 
position at a top of the channel, by the force of an electric field generated by a charge 
at the bottom of the channel. 

When the colorant particle is disposed at a position at the top of the channel, a 
substantial portion of light entering the top of the channel reflects off the colorant 
particle and exits the top of the channel, such that light of the same color as the 
colorant particle is reflected. A user disposed at a position adjacent the top of the 
channel thereby views light that is the same as the colorant particle. 

Alternatively, when the colorant particle is disposed at a position at the bottom 
of the channel, a substantial portion of light entering the top of the channel does not 
reflect off the colorant particle. The user therefore does not view light that is the same 
color as the colorant particle. 

Differing amounts of the light are reflected to the user when the colorant 
particle is disposed at different positions between the top and bottom of the channel. 
For example, a relatively large amount of the light is reflected when the colorant 
particle is disposed near the top of the channel. Alternatively, a relatively small 
amount of the light is reflected when the colorant particle is disposed near the bottom 
of the channel. Thus, moving the colorant particles between positions at the top and 
bottom of the channel enables differing intensities of individual colors, corresponding 
to the colors of the colorant particles, to be reflected. 

The invention can be applied to an analog dot display, wherein each colorant 
particle is positioned in analog fashion at any position along the direction of extension 
of the channel. However, the invention can also be applied to a digital dot display, 
wherein each colorant particle only has two stationary positions, i.e., at the top and 
bottom ends of the channel. 

The invention is also intended to cover methods of manufacturing any of the 
displays discussed above. Such methods can include the steps of defining channels in 
a carrier body, metalizing E-field electrodes and circuitry on a bottom surface of the 
carrier body, affixing a bottom cover at a bottom end of each of the channels, filling 
each of the channels with at least one colorant particle of the appropriate color, and 
affixing a transparent top cover to a top end of each of the channels. The step of 



filling each of the channels with at least one colorant particle of the appropriate color 
can be accomplished by filter plates. 

The invention is also not limited to only covering video and still picture 
displays. Instead, the invention is also intended to cover print media. Print media can 
be provided in accordance with the invention by locking the colorant particles at 
appropriate locations within the channels, either temporarily or permanently. 

These and other features and advantages of this invention are described in, or 
are apparent from the following detailed description of various exemplary 
embodiments of the systems and methods according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Various exemplary embodiments of systems and methods according to this 
invention will be described in detail, with reference to the following figures, wherein: 

Fig. 1 is a schematic diagram that shows a display in accordance with an 
embodiment of the invention; 

Fig. 2 is a schematic diagram that shows an exemplary embodiment of a 
structure for moving the colorant particles within the channels; 

Fig. 3 is a top view of the display of Fig. 1 that shows electrode rings; 
Fig. 4 is a schematic diagram that shows a display in accordance with an 
alternative embodiment of the invention; 

Fig. 5 is a schematic diagram that shows respective forces applied to a colorant 
particle in accordance with an embodiment of the invention; 

Fig. 6 is a perspective view of a disk which is provided to explain 
characteristics of an electric field force; 

Fig. 7 is a schematic diagram of an exemplary method of manufacturing a 
display in accordance with the invention; 

Fig. 8 is a schematic diagram of an exemplary method of providing colorant 
particles into the channels; and 

Fig. 9 is a schematic diagram of an electrode drive circuit architecture using a 
classic CMOS output for use as a control circuit for the display in accordance with the 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 is a schematic diagram that shows a display in accordance with an 
embodiment of the invention. The display 1 includes a carrier body 2 that defines 



multiple channels 4. The carrier body 2 can be made of a variety of materials, such 
as, for example, silicon, plastic, organic biomaterials and ceramic. 

A bottom cover 6 extends across a bottom end of each of the channels 4. A 
top cover 8 extends across a top end of each of the channels 4. The bottom and top 
covers 6, 8 can close off the channels 4 so as to define a sealed area therein. Each of 
the top and bottom covers 6, 8 can be defined by a single sheet, or alternatively can 
include multiple separate elements, each element covering a single channel 4. 

A lens 9 can be provided on top of each of the top covers 8 in order to enhance 
optical characteristics. The lens 9 can be made of a variety of materials, such as 
transparent plastic. The lens 9 can be defined by a single sheet, or alternatively can 
include multiple separate elements, each element being disposed adjacent a single 
channel 4. Any type of lens that improves optical characteristics of the display can be 
used. 

The embodiment shown in Fig. 1 shows the lens 9 being separate from the top 
cover 8. However, the invention is not limited to this structure. For example, a single 
element can be provided to achieve the operation of the lens 9 and the cover 8. Also, 
the display can be provided without including the lens 9 at all. 

Colorant particles are disposed within at least some of the channels 4. 
Different colors of colorant particles can be used to provide a color display. For 
example, cyan particles 10, 16, yellow particles 12, 18 and magenta particles 14, 20 
can be disposed in the channels 4 to provide a color display. However, any other 
combination of colored particles, for example particles having other fundamental 
colors, such as red, green and blue, can be used. 

Each pixel of the display can include a group of channels 7 that houses one 
particle of each of the fundamental colors. In other words, each pixel, which can be 
any size, such as 45-60 microns, can be defined by one cyan particle 10, one yellow 
particle 12 and one magenta particle 14. The display 1 can thereby provide any color. 
Further, the pixels can be used to achieve the requisite grayscale effects to realize 
photographic quality images. 

Anything that has color can be used as the colorant particles. In fact, the 
colorant particles can be either solid or liquid. Various techniques, such as micro- 
encapsulation, can be used to enable the use of liquid colorant particles. However, 
micro-encapsulation can be used with solid particles, as well as liquid particles, to 
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prevent, or at least minimize, abrasive wear of the colorant particles against interior 
surfaces, such as inner sidewalls, of the channels 4. 

The colorant particles are not limited by size. For example, each colorant 
particle can be a single atom or alternatively be several millimeters in size. Since the 
5 colorant particles can be extremely small, and the display can define an array of 

channels that each have an extremely small width, very high resolution of images can 
be achieved. For example, the resolution of the display 1 can be thousands of lines 
per inch. 

The colorant particles are similarly not limited by shape. The colorant 
10 particles shown in Fig. 1 are spherical. However, colorant particles of any other shape 
can be provided. For example, the colorant particles can be rectangular, cylindrical, 
oblong, triangular, etc. 

The channels 4 are also not limited to any particle size or shape. For example, 
very small channels 4 can be provided to correspond with very small particles. 
1 5 Alternatively, very large channels 4 can be provided to correspond with very large 

particles. Further, the channels 4 can be provided in any shape. For example, a cross- 
section of the channels 4 can define any shape, such as a circle, square, rectangle, 
triangle, etc. 

Because of the flexibility in size and shape of the channels 4 and particles, the 
20 overall size of the display 1 is similarly not limited by size or shape. For example, 
channels 4 that are large in size and/or large in number can be provided with a 
corresponding number and/or size of particles to achieve a very large display 1 . 
Alternatively, channels 4 that are small in size and/or are small in number can be 
provided with a corresponding number and/or size of particles to achieve a very small 
25 display 1 . Further, channels 4 and colorant particles of any size can be arranged so as 
to define a display of any shape. 

In operation, the colorant particles can move in a direction 22, which is 
substantially parallel to a direction of extension of the channels 4. When a colorant 
particle is disposed near the top end of the channels 4, such as where cyan particle 10 
30 is disposed in Fig. 1 , entering light 24 entering the channel 4 through the top cover 8 
and lens 9 is reflected off of the cyan particle 10 and exits as viewable exiting light 26 
out of the display 1 via the cover 8 and lens 9. The viewable exiting light 26 that 
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reflects off of the cyan particle 10 is cyan colored light. Thus, a user disposed 
adjacent the top end of the channels 4 would view the viewable cyan exiting light 26. 

However, when a colorant particle is disposed near the bottom end of the 
channels 4, such as where magenta particle 20 is disposed in Fig. 1, a substantial 
5 amount of entering light entering the channels 4 through the top cover 8 and lens 9 is 
not reflected off of the magenta particle 20, and therefore does not exit as viewable 
exiting light out of the display. Instead, a substantial amount of entering light 
intersects and is absorbed by sidewalls of the channels 4, or with a liquid or gas 
occupying volume inside the channels 4. Thus, a user disposed adjacent the top end 

1 0 of the channels 4 would not view magenta colored light. Instead, the channel 4 
having the magenta particle 20 would appear dark. 

Differing amounts of light are reflected off of the colorant particles to exit the 
display as exiting light depending on the location of the colorant particles within the 
channels 4. This effect is obtained since light entering the top end of the channels 4 

15 via the lens 9 and top cover 8, at a relatively wide range of angles, intersects colorant 
particles that are disposed near the top end of the channels 4. For example, light 
entering the channels at angles of approximately 45° on either side of the direction of 
movement of the colorant particles, indicated as arrow 22, intersects a colorant 
particle disposed near the top of the channels 4, such as cyan particle 10. 

20 Contrarily, light entering the top of the channels 4, via the lens 9 and top cover 

8, at a relatively small range of angles, intersects colorant particles that are disposed 
near the bottom end of the channels 4. For example, only light entering the channels 
at angles of approximately 5° on either side of the direction of movement of the 
colorant particles, indicated by arrow 22, intersects a colorant particle disposed near 

25 the bottom of the channels 4, such as magenta particle 20. Instead, the remainder of 
the light entering the channel 4 intersects and is absorbed by sidewalls of the channel 
4. Thus, not enough light may be reflected off of the particles disposed near the 
bottom end of the channel 4 to be visible to the user. 

Since a relatively large amount of light is reflected off of a colorant particle 

30 disposed near the top end of its respective channel, a user views relatively intensely 
colored light corresponding to the color of that particle. However, the intensity of the 
colored light viewed by the user decreases as the particle moves toward the bottom 
end of the channels 4. For example, a user would view yellow light reflecting off of 



yellow particle 12 as being less intense than the cyan light reflecting off of cyan 
particle 10. The intensity of viewable colored light decreases until the particle is 
disposed near the bottom end of the channels wherein very little or no colored light is 
visible to the user. 

This invention is intended to cover all apparatus and methods of moving the 
colorant particles within the channels 4 along direction 22. However, Fig. 2 is a 
schematic diagram that shows an exemplary embodiment of a structure for moving the 
colorant particles within the channels 4. 

In the exemplary embodiment shown in Fig. 2, the carrier body 2 is made of 
silicon. A lower MOS gate terminal 28 is provided at a lower surface of the carrier 
body 2 beneath each channel 4. The lower MOS gate terminal includes an oxide layer 
30 disposed on the lower surface of the carrier body 2 and a metal layer 32 disposed 
on the oxide layer 30. The MOS gate terminal 28 is connected to an upper Si Bulk 
connection 34 via a signal line 36 to provide gate bias voltage 38. 

Fig. 2 shows Silicon Bulk p-type bulk doping. Specifically, by simply 
changing gate bias voltage polarity and magnitude, the silicon region of the carrier 
body 2 directly over the oxide layer 30 will either be charged positive or negative. 
The charge of the carrier body 2 directly over the oxide layer 30 and directly under the 
channel 4 creates an electric field in the channel 4 in the direction of extension 22 of 
the channel 4. Thus, if the colorant particle 10 is provided with an electric charge, the 
colorant particle will react with the electric field in the channel, such that changing the 
gate voltage can be used to control the position of the colorant particle 10 within the 
channel. 

However, as discussed above, the invention is intended to cover any apparatus 
and method of moving the colorant particle. For example, the exemplary embodiment 
of Fig. 1 provides electrode rings 40 at both of the top and bottom ends of each 
channel. The electrode rings 40 can produce a sufficient charge to achieve an electric 
field to react with a charged colorant particle to move the colorant particle along 
direction 22. 

Fig. 3 is a top view of the display of Fig. 1 that shows electrode rings. 
Specifically, electrode rings 42 are provided around each of the channels 4. Each of 
the electrode rings 42 is connected to an electrical trace 44 for connection to a supply 
of control voltage. 



8 

Fig. 4 is a schematic diagram that shows a display in accordance with an 
alternative embodiment of the invention. In this embodiment, the group of channels 
46 that defines each pixel includes one cyan particle 10, one yellow particle 12, one 
magenta particle 14 and one black particle 15. 
5 However, the display of Fig. 4 is also different from the display of Fig. 1, in 

that the display of Fig. 4 only includes a single electrode ring 48 for each channel 4. 
Specifically, an electrode ring 48 is only provided at a bottom end of each channel 4 
to achieve an electric field to react with a charged colorant particle. 

Apparatus and methods discussed above can be applied to an analog dot 

1 0 display form, wherein the colorant particles can be moved in analog fashion to any 
position within the channels 4. As shown in Fig. 1, a fluid 50 can be provided in the 
channels to dampen the analog movement of the colorant particles. The fluid 50 can 
be either a liquid or a gas. Dampening the analog movement of the colorant particles 
helps to achieve precise positioning of the colorant particles by enabling a controller 

15 to precisely determine the location of each colorant particle along the direction of 
elongation of its respective channel 4. 

Fig. 5 is a schematic diagram that shows respective forces applied to a colorant 
particle in accordance with an embodiment of the invention. The forces are discussed 
below in accordance with a display that faces upwardly, i.e., wherein the direction of 

20 elongation of the channels is substantially parallel to a gravity vector. 

The fluid 50 disposed within the channels 4 can provide a setting time constant 
to ensure that the position of the colorant particle within the tube is known. The 
constant is based on the buoyancy effect of each particle, which is arrived at by 
determining the amount of fluid that the particle displaces. Each colorant particle has 

25 a certain mass, and thus gravity pulls the particle toward the bottom end of the 

channel 4. The constant is therefore also based on the effect of gravity on the colorant 
particle. 

Fig. 5 shows that the force of the electric field acts on the particle in an 
opposite direction from the force of gravity. The buoyancy force of the particle acts 
30 on the particle in the same direction as the force due to the electric field. Thus, if the 
force of the electric field equals the force of gravity minus the buoyancy force of the 
particle, then the particle will remain stationary within the channel 4. 
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The position of the particle within the channel 4 can be precisely estimated by 
disposing the particle at the bottom of the channel 4 and applying an amount of 
electric field force that equals the force of gravity minus the buoyancy force of the 
particle. Thus, the maximum amount of electric field force is applied that does not 
5 move the colorant particle upwardly in the channel 4. 

The amount of electric field force can then be increased to be greater than the 
force of gravity minus the buoyancy force of the particle. The particle will then travel 
upwardly within the channel 4 at a known velocity, i.e., distance per unit of time. A 
determining device can count the time increments and re-adjust the electric field force 

10 to balance the above equation in order to stop the movement of the colorant particle 
and hold it at a stationary position. 

When the display in accordance with the invention is being utilized as a video 
display, the above equations can be used to allow all of the colorant particles to be 
positioned for each successive video frame. Thus, the selection of the fluid 50 and the 

1 5 control of the electric field force acting on the changed colorant particle will 
determine the video frame rate, i.e., the refresh rate. 

The above description of force is applied to a display oriented such that the 
display is facing upwards. However, the display can also be provided for use in any 
orientation. Modifying the description of forces to correspond to other orientations of 

20 the display can be provided via trigonometry. 

By selecting a fluid 50 with increased fluid density, the buoyancy force can be 
made to far exceed the force of gravity, thereby lessening the dependency of particle 
motion upon the gravity vector. A display that uses a higher fluid density can be used 
for an indoor/outdoor sign, television display or computer display, such as where the 

25 direction of extension of the channels 4 is perpendicular to the gravity vector. Since 
this display has increased fluid density, a greater electric field force must be used, and 
thus the video refresh rates may be somewhat slower than for a display that uses a less 
dense fluid 50. Flicker free video can be achieved if the fluid 50 is of a density so as 
to provide a time constant for control greater than 60 Hz. 

30 In the exemplary embodiment discussed above, since the location of each 

colorant particle inside the channels 4 is dependent on an analog voltage bias level, 
the reflected light from each colorant particle is adjustable in an analog fashion. 
Therefore, the number of grayscale and color levels is unlimited. 
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Also, the exemplary embodiments discussed above are inherently dynamic in 
operation. Thus, the displays discussed above can be used as video displays. 
However, the displays discussed above can also be used as still image displays. 

The exemplary embodiment is discussed above as an analog dot display, 
5 wherein each colorant particle is positioned in analog fashion at any location along the 
direction of extension of the channel 4. However, the invention is intended to cover a 
variety of other control methods. 

For example, the invention can also be applied to a digital dot display, wherein 
each colorant particle only has two stationary positions. Such a digital dot display can 
1 0 be used to either dispose each particle at the top end of its respective channel 4, which 
provides maximum color reflection, or at the bottom end of its respective channel 4, 
which provides minimum color reflection. 

Fluid 50 does not need to be provided in the channels 4 of the digital dot 
display, since it is preferable for each colorant particle to travel between the bottom 
1 5 and top ends of the channels as fast as possible. The digital dot display can operate 
similarly to an electronic video equivalent of a color ink jet printer, where there is 
sufficient resolution at each dot and pixel to make the human eye believe the image 
has continuous grayscale and color reproduction. 

The electric field forces discussed above can be calculated in accordance with 
20 any conceivable method. For example, in accordance with Gauss' Law, the net 

electric flux through a surface surrounding the disk electrode is the total charge on the 
disk divided by the permittivity of the medium, which can be expressed as follows: 

a 1 1 ^ 

<Pmt=-<l inside = ~V£d . 
£ £ 

Integrating across the Gaussian surface enclosing the disk electrode relates the net 
25 flux to the electric field, which can be expressed as follows: 




Therefore, the net electric field can be represented as follows: 



Fig. 6 is a perspective view of a disk which is provided to explain 
30 characteristics of an electric field force. In accordance with related physics, the 



electric field at a point along the axis of a disk of uniform charge, which can be 
represented as follows: 

E x = 2nkJ 1 — X 
The coulumb constant in free space can be represented as follows: 

*--U 

47IS 0 

The force acting on a particle of charge Q p can be represented as follows: 
F = Q p E. 

The electrode bias can be solved using the force equilibrium equation. 
Specifically, the force of gravity being equal to the force of electric field can be 
represented as follows: 

F gravity = F e-field- 
The equation for force due to gravity can be represented as follows: 
F gravity = ™pg- 

Thus, the equation for net electric field force in z direction due to charged disk can be 
represented as follows: 

2xkQ n Q d ' 
F e -field=QpFz= / U 



A d { 4d 2 +R 2 J 



8 = permittivity of medium, 
R = radius of disk electrode, 
A d = area of disk, 

d = particle distance from disk plane 
along z axis, 

Q d = charge on disk electrode, 
Q p - charge of particle, 
g = gravitational constant, and 
nip = mass of particle. 

The equation for total electric field strength in z direction at a distance d from 
the disk plane can be represented as follows: 

d 

The equation to solve for V, not considering the medium properties, can be 
represented as follows: 
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The invention is also intended to cover any method of manufacturing any of 
the exemplary embodiments of the displays discussed above. For example, Fig. 7 is a 
schematic diagram of an exemplary method of manufacturing a display in accordance 
with the invention. 

The method can begin with step 1, wherein a carrier body 2 (base) is provided, 
and the channels 4 (holes) are defined in the carrier body 2. The channels 4 can be 
defined in the carrier body 2 by any method, such as, for example, drilling or 
punching. 

In step 2, E-field electrodes and circuitry are metalized on the bottom surface 
of the carrier body 2 and at the bottom end of the channels 4. The E-field electrodes 
and circuitry can be provided by any method. 

In step 3, the bottom cover 6 is provided at the bottom end of the channels. If 
a fluid 50 is to be disposed in the channels 4, then the bottom cover 6 should seal the 
bottom end of the channels 4. Alternatively, if no fluid 50 is to be disposed in the 
channels 4, then the bottom cover 6 does not need to seal the bottom end of the 
channels 4. Instead, the bottom cover 6 may only obstruct the colorant particle to 
prevent the colorant particle from exiting the channel 4. The bottom cover 6 can be 
fixed at the bottom end of the channels 4 by any method, such as welding, fusing or 
laminating. 

In step 4, a colorant particle is provided in the channels 4. Fig. 7 shows the 
exemplary embodiment wherein one of a cyan particle 10, a yellow particle 12 and a 
magenta particle 14 is provided in each of the channels 4. However, as discussed 
above, in some of the exemplary embodiments, only a single color of particles is 
provided in each of the channels 4. Also, other exemplary embodiments include 
colorant particles of different colors. Further, the invention also covers providing 
colorant particles in only some of the channels 4, and leaving the remaining 
channels 4 either vacant or provided with something other than colorant particles. 

Fig. 8 is a schematic diagram of an exemplary method of providing colorant 
particles into the channels 4. As shown in Fig. 8, filter plates 52, 54, 56 are used to 
provide colorant particles into the appropriate channels 4. Specifically, filter plate 52 



13 

defines holes 58 that align with the channels 4 to which cyan particles are to be 
provided. 

A dispenser 60 houses multiple cyan particles 10. Multiple cyan particles 10 
are supplied from the dispenser 60 to an upper surface of the filter plate 52. The cyan 
5 particles 10 are subjected to the force of gravity and thus travel through the holes 58 
so as to be only provided to the appropriate channels 4. The yellow and magenta 
particles 12, 14 are similarly provided to the appropriate channels 4 via filter 
plates 54, 56. 

In step 5 of Fig. 7, the top cover is provided at the top end of the channels 4. 

10 Fig. 6 shows an embodiment wherein the top cover 8 and lens 9 define a single 

element. However, as discussed above, the top cover 8 and lens 9 can define separate 
elements. Also, as with the bottom cover 6, the top cover 8 and lens 9 are not limited 
in the manner of affixing them at the top end of the channels 4. 

The exemplary embodiments are discussed above in terms of video and/or still 

1 5 picture displays. However, the invention is also intended to cover print media. 

Specifically, the display can be a print media by locking the colorant particles at 
appropriate locations within the channels 4, either temporarily or permanently. 

The invention is intended to cover any method of locking the colorant particles 
at appropriate positions within the channels. For example, the fluid 50 provided 

20 within the channels 4 can be selected to have properties to provide a phase change to 
lock the colorant particles in position during a print fixing step. The phase change can 
be brought about in any manner, such as by a change in temperature. 

More specifically, the display can be a print media by providing a separable 
electrical connection strip on one side of the carrier body 2. The electrode array can 

25 be electrically biased for each pixel corresponding to a digital image. While the 

electric field holds the colorant particles in place within the channels 4, heat, pressure 
and/or light fixing can be used to lock the colorant particles in place. 

The exemplary embodiments of the methods and apparatus of the invention 
provide various advantages. For example, the invention can be applied to a wide 

30 variety of displays, such as, but not limited to, very small (less than 1 inch per side) 
display with XGA or greater resolution that could be used inside video or still frame 
digital cameras, eyeglass or wristwatch displays, cell phone displays, or business and 
entertainment video projectors (which currently use <1" liquid crystal or MEMS . 
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displays), indoor/outdoor still frame and video signage where the system would be 
produced using a low cost plastic as the substrate, high definition television 
applications such as ultra-flat wall displays, computer display applications, cell phone 
displays, and high density light communications switching matrix. 

The display/print media can provide full color capability. Since the amount of 
reflected light is dependent upon depth of the colorant particle inside the channel, the 
amount of reflected "color" for each of the primary colors is theoretically infinitely 
variable. Thus, a full color display/print media can be provided employing RGB, 
CYMK and/or other primary color systems. 

The display provides fast video refresh rate in a digital dot display. The speed 
of refresh rate is adjustable by virtue of fluid properties of a fluid provided in the 
channels in an analog dot display. 

The invention can be applied to provide very, very small displays. For 
example, pigment type color particles can be used that are on the order of a few 
micrometers in size. However, the invention can be applied to provide even smaller 
displays, such as a "nano-display," where each color particle could be either a single 
atom or a molecular compound that includes several atoms on the order of a few 
nanometers in size. For micro-displays, the invention could achieve something on the 
order or 2,000 lines per inch of display resolution. For nano-displays, the invention 
could achieve 100s of thousands of lines per inch of display resolution. 

Limitation on miniaturization of the technology is simply associated with the 
wavelength of light in the visible spectrum since the tube openings will act as 
diffraction gratings. For example, the visible spectrum is between 400-700 
nanometers of wavelength. Therefore, if the diameter of the tube is only 600 nm, 
most of the visible spectrum of incident light will be filtered and no visible light 
(color) would be reflected. Therefore, the size of the tube openings may exceed 700 
nanometers to be of use for visual displays. However, the invention could be applied 
to provide non-visible wavelengths, such as for an optical communication device. 

The invention can also be applied to provide low cost manufacturing for large 
area devices, such as wall displays. Such displays could use polymer or plastic as the 
substrate material. 

Simple dot and pixel control electronics can be used to control the 
display/print media in accordance with the invention. For example, Fig. 9 is a 
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schematic diagram of an electrode drive circuit architecture using a classic CMOS 
output for use as a control circuit for the display/print media in accordance with the 
invention. 

Further, inherently low power drive electronics can be used in accordance with 
the invention due to the use of an electric rather than magnetic field as the prime 
mover of the colorant particles, and the fact that the colorant particles are of very low 
mass. The electric field can be generated by simple voltage bias of a ring, plate or 
disk electrode, wherein E-field strength is proportional to the voltage on the electrode, 
etc. 

While the systems and methods of this invention have been described in 
conjunction with the specific embodiments outlined above, it is evident that many 
alternatives, modifications and variations will be apparent to those skilled in the art. 
Accordingly, the exemplary embodiments of the systems and methods of this 
invention, as set forth above, are intended to be illustrative, not limiting. Various 
changes may be made without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1 . A display, comprising: 

a carrier body that defines at least one channel, the at least one channel 
extending in a direction of extension; 
5 at least one particle disposed in the at least one channel; and 

a controller that moves the at least one particle along the direction of 
extension of the at least one channel. 

2. The display according to claim 1, further including a bottom cover 
disposed at a bottom end of the at least one channel, and a top cover disposed at a top 

1 0 end of the at least one channel, the bottom and top covers preventing the at least one 
particle from exiting the at least one channel. 

3. The display according to claim 2, further including a lens disposed at a 
top surface of the top cover. 

4. The display according to claim 2, wherein the top cover includes 

1 5 structure so as to operate as a lens to enhance optical characteristics of the display. 

5. The display according to claim 2, further including a fluid disposed in 
the at least one channel, and the top and bottom covers are affixed at the top and 
bottom ends of the at least one channel to prevent the fluid from exiting the at least 
one channel. 

20 6. The display according to claim 1, wherein the at least one particle 

includes multiple particles, the multiple particles including at least one cyan particle, 
at least one yellow particle and at least one magenta particle. 

7. The display according to claim 6, wherein the at least one channel 
includes, multiple channels that define an array, each of the multiple channels only 

25 housing one particle of the at least one cyan particle, the at least one yellow particle 
and the at least one magenta particle. 

8. The display according to claim 1 , wherein the at least one particle is a 

solid. 

9. The display according to claim 1, wherein the at least one particle is a 

30 liquid. 

10. The display according to claim 1, wherein the at least one particle is 
micro-encapsulated. 
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11. The display according to claim 1, wherein the carrier body is at least 
partially made of silicon, and the at least one particle is charged. 

12. The display according to claim 11, wherein the controller includes a 
lower MOS gate terminal provided at a lower surface of the carrier body beneath the 
at least one channel. 

13. The display according to claim 12, wherein the lower MOS gate 
terminal includes an oxide layer disposed on the lower surface of the carrier body and 
a metal layer disposed on the oxide layer. 

14. The display according to claim 13, wherein the controller includes an 
upper Si bulk connection that is connected to the lower MOS gate terminal via a 
signal line, to provide gate bias voltage. 

15. The display according to claim 14, wherein the controller performs 
electrical bias of the gate in order to generate an electric field in order to move the at 
least one particle along the direction of extension of the at least one channel. 

16. The display according to claim 1, wherein the controller includes an 
electrode ring disposed at one of a top end of the at least one channel and a bottom 
end of the at least one channel. 

17. The display according to claim 16, wherein the controller includes 
another electrode ring disposed at the other of the top end of the at least one channel 
and the bottom end of the at least one channel. 

1 8. The display according to claim 17, wherein the one and other electrode 
rings are each connected to a supply of control voltage, such that the at least one 
particle moves within the at least one channel along the direction of extension of the 
at least one channel when control voltage is supplied to the one and other electrode 
rings. 

19. The display according to claim 1 , wherein the controller operates 
pursuant to an analog dot display form such that the at least one particle is movable in 
analog fashion and can be controlled so as to be stationary relative to the carrier body 
at any position along the direction of extension of the at least one channel. 

20. The display according to claim 1 , wherein the controller operates 
pursuant to a digital dot display form such that the at least one particle is controlled so 
as to only be stationary relative to the carrier body at top and bottom ends of the at 
least one channel. 
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21 . The display according to claim 1, wherein the at least one colorant 
particle provides maximum color reflection when disposed at a top end of the at least 
one channel, and provides minimum color reflection when disposed at a bottom end of 
the at least one channel. 

22. The display according to claim 21 , wherein the minimum color 
reflection is appreciably not visible to the human eye. 

23 . A method of displaying an image, comprising the steps of: 
moving at least one particle along a direction of extension of at least 

one channel that is defined in a carrier body; and 

stopping movement of the at least one particle along the direction of 
extension of the at least one channel. 

24. The method according to claim 23, wherein the stopping step includes 
stopping movement of the at least one particle at any location along the direction of 
extension of the at least one channel. 

25. The method according to claim 23, wherein the stopping step includes 
only stopping movement of the at least one particle at top and bottom ends of the at 
least one channel. 

26. A method of manufacturing a display, comprising the steps of: 
defining at least one channel in a carrier body; 

disposing an electrode and circuitry at at least one of top and bottom 
surfaces of the carrier body; 

affixing a bottom cover at a bottom end of the at least one channel; 
providing at least one particle in the at least one channel; and 
affixing a top cover at a top end of the at least one channel. 

27. The method according to claim 26, wherein the defining step includes 
defining first, second and third channels in the carrier body, and the providing step 
includes providing a cyan particle in the first channel, providing a yellow particle in 
the second channel and providing a magenta particle in the third channel. 

28. The method according to claim 27, wherein the providing steps include 
using a filter plate for each of the cyan, yellow and magenta particles to ensure entry 
of each of the cyan, yellow and magenta particles only into selected channels. 
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29. A method of printing an image on a print media, comprising the steps 

of: 

defining at least one channel in the print media; 

affixing a bottom cover at a bottom end of the at least one channel; 

providing at least one particle in the at least one channel; 

affixing a top cover at a top end of the at least one channel; 

moving the at least one particle along a direction of extension of the at 
least one channel; and 

locking the at least one particle at a specified position along the 
direction of extension of the at least one channel. 

30. The method according to claim 29, wherein the moving step includes 
applying an electric field to the at least one particle with an electrode that is 
removably disposed at at least one of bottom and top surfaces of the print media. 

3 1 . The method according to claim 29, wherein the locking step includes at 
least one of pressure and temperature fixing. 

32. The method according to claim 29, wherein the locking step includes 
light fixing. 

33. The method according to claim 26, wherein the defining step includes 
defining first, second and third channels in the carrier body, and the providing step 
includes providing a red particle in the first channel, providing a green particle in the 
second channel and providing a blue particle in the third channel. 

34. The method according to claim 26, wherein the defining step includes 
defining first, second, third and fourth channels in the carrier body, and the providing 
step includes providing a cyan particle in the first channel, providing a yellow particle 
in the second channel, providing a magenta particle in the third channel and providing 
a black particle in the fourth channel. 

35. The method according to claim 29, wherein the moving step includes 
applying an electric field to the at least one particle with an electrode that is 
permanently affixed to a bottom surface of the print media. 
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ABSTRACT OF THE DISCLOSURE 
The invention includes providing a display by moving a colorant particle, 
having an electric charge, inside a channel of a body in a direction that is substantially 
parallel to a direction of extension of the channel and a direction of incoming 
5 illumination rays. The colorant particle can be moved between a position at a bottom 
of the channel and at a top of the channel by the force of an electric field generated by 
a charge at the bottom of the channel. The invention can be applied to an analog dot 
display as well as a digital dot display. The invention covers methods of 
manufacturing the displays discussed above. The invention is also not limited to 
1 0 covering displays, and also covers at least print media, wherein colorant particles are 
locked at appropriate locations within the channels, either temporarily or permanently. 
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